The prevention of lesions of confirmed scurvy in guinea-pigs given a diet without vitamin C requires only 1 mg. of ascorbic acid daily per 1000 gm. of body weight. 29 33 To protect an animal against changes in the incisor teeth higher doses,5 9 19 20, 21, 22, 28, 87 2 mgm. for a 300-gram guinea-pig,2' are required.
However, such doses are not sufficient for a normal condition of the guinea-pigs, since Kramer, Harmann and Brill25 observed that a normal body weight, according to the normal growth curve of Bessessen and Carlson,' was not obtained with them. Furthermore, when given such doses, females aborted and males were unable to fertilize normal females.
It appeared proper, then, to look for new criteria of vitam-in C deficiency, so that with a threshold dose the animal would be in a completely normal condition. In this investigation various criteria were used, the most important of which was the titer of ascorbic acid in the organs.
It is well known that when a guinea-pig is given a diet with little or no vitamin C the amount of ascorbic acid in the organs decreases rapidly.6' 14, 28 When ascorbic acid is fed to animals so depleted it is fixed in their organs. '4' 24,35 An increase in the daily intake produces an increase in the amount of ascorbic acid in the organs.4 ' 7, 11, 16, 80, 86 Methods Ninety-six guinea-pigs weighing about 300 grams each and coming from the same source (Pasteur Institute of Paris) were used and were kiflled at different intervals. Inasmuch as the duration of scurvy is irregular in females, and since Goettsch"8 has shown that females lose weight at estrus, only males were used for this experiment. For the titration of vitamin C, Tillman's method was used according to the directions of Bessey and King.2
In every group, two animals were killed after 15-19 days, two after 33-35 days, and two after 45-49 days.
The following criteria were used as indices of scurvy in the course of the experiment: (1) weekly weighing of the animals, (2) chemical titration of ascorbic acid in the adrenal gland, the liver, and the kidney of all animals, (3) ascorbic acid titrations in the testis of three groups and (4) the brain and muscle of two groups of animals (not reported), (5) determination of red corpuscles (ear blood with Malassez apparatus), (6) estimation of hemoglobin (Tallqvist technic), and (7) pathological examination of the organs with special attention to hemorrhages of the knee and mobility of the teeth. We gave a different quantity of ascorbic acid to each lot: 0.5 mg. in the first one, 5, 20, 50, and 100 mg. in the others respectively. The animals received one-half of these amounts of ascorbic acid twice a day. As Waldman and Krichjowski34 have shown that other vitamins can influence the metabolism of ascorbic acid, and since its* solutions in water are rapidly oxidized, we dissolved ascorbic acid in orange juice. Orange juice with a potency of about 0.50 mg. was chosen: twice a day 225 mg. of ascorbic acid were dissolved in 50 cc. of orange juice; thus, the solution contained 5 mg. per cc. The five groups of animals received respectively 0.1, 1, 4, 10, and 20 cc. In each group, one animal was killed the fifteenth, another the thirtieth, and the third one on the forty-fifth day and examined as previously described.
All experiments were done during the summer.
Results (1) Experiment with beet leaf.
The results are given in Table I . The average figures, given only for the suprarenal, show that an increase in the daily intake of ascorbic acid corresponds to an increase in the amount found in the organs. It must be noted that individual variations occur and that in spite of large intakes the amounts found in the organs are relatively small. The other criteria gave the following results: (1) knee hemorrhages were apparent in all six animals receiving 10 gm. of leaves daily and in 5 of the animals receiving 20 gm. of leaves; they were observed in 2 animals given 40 gm. and once in the 80 gm. group. (2) Mobility of the teeth was observed in the 10 gm. leaf group. (3) There was a lowering of hemoglobin in this same group. (4) The number of red corpuscles was normal in all the groups and (5) the body weight also increased normally in all the animals.
(2) Experiment with alfalfa.
The results given in Table II show that variations of the amounts of ascorbic acid are observed, as above, according to the daily intake in the diet. The relation between the intake and the amounts in The results of the estimations of ascorbic acid in the organs, of hemoglobin in the blood, and of body weight are consistent with those of the preceding experiments, as may be seen in Table III . However, the results, as far as mobility of teeth and hemorrhages especially are concerned, do not agree with them; so in Table III , more detailed accounts of this experiment are given. A large cross (+) means a marked hemorrhage; a small cross (+) -means a small hemorrhagic spot. Marked individual variations are observed; three animals in the group receiving more than 50 mg. daily had conspicuous knee hemorrhages. In no case were hemorrhages of the organs found.
(4) Experiment seith synthetic ascorbic acid.
In spite of individual variations (100 mg. group), the results given in Table IV It must be specially emphasized that, in accordance with most authors, 0.5 mg. of ascorbic acid perfectly maintains the body weight, the number of red blood corpuscles, and the general appearance of the animals. This small amount is not sufficient for complete welfare, as is conspicuously shown by the hemorrhages of the knee 580 and the low amount of ascorbic acid found in the organs. Besides, it is well known that these small doses do not prevent the microscopical changes of the teeth.' 20 In spite of individual variations, it may be stated that protection against mobility of the superior incisor teeth and maintenance of a normal blood hemoglobin require at least 2 mg. of ascorbic acid; abnormal figures could be observed in animals receiving amounts equivalent to S mg.
For the integrity of vascular walls, a larger intake is necessary, since as a rule S to 10 mg. daily do not prevent hemorrhages of the knee from taking place. As a rule, the development of hemorrhages is inversely proportional to the intake of ascorbic acid. However, small hemorrhages can be seen in animals receiving much larger doses, especially in the experiment with cabbage leaves. In all groups of animals used, there was always at least one animal with small vascular ruptures of the knee. It is interesting that normally fed guinea-pigs from other sources have been examined and showed the same lesions. We are not able to explain this fact. Findlay10 showed that the first microscopical lesions of scurvy in the guineapig appear in the endothelium of the small blood vessels. By histological technic for the detection of ascorbic acidd a strong reaction is observed along the internal wall of the capillaries, even in organs (muscles) very poor in ascorbic acid,26 these reactions disappear completely very soon after the beginning of the vitamin-free diet. A relation may exist between this localization of the ascorbic acid and the resistance of the blood vessels.
A numerical statement of the minimum amount of ascorbic acid necessary to protect against hemorrhage is very difficult, because of the many individual variations. Before discussing this point further, it is necessary to reach an agreement on the normal titer of the organs.
The variability of the normal amount of ascorbic acid in the organs is very great, and is rapidly influenced by modifications of the diet; for instance after one day of diet without vitamin C the amount in the organs diminishes by 25 per cent. "4 In order to establish the normal titer, a comparison with animals which are not susceptible to scurvy may be helpful. The variations in the organs of these animals are not marked; titration of the organs in some species (ox, ewe, dog, cat, hedgehog, rabbit, rat, and mouse) give, in the adrenal gland, values of from 1 to 2 mg. per gram of fresh tissue. In the liver the average value is 0.25 mg., On the other hand, these values correspond to the titer of the suprarenals in the animals receiving the greatest amounts of alfalfa or cabbage. As previously reported12 considerable increases of these already large intakes do not persistently change the amount in the organs.
From all these data it may be stated that the approximate normal value for the suprarenal of the guinea-pigs is at least 1 mg. per gram; for the liver, at least 0.25 mg.; and for the kidney, 0.12 mg.
To obtain similar normal amounts, de Caro7 states that 13 mg. of ascorbic acid furnished by cabbage or 12 mg. of pure ascorbic acid given subcutaneously are necessary. If administered orally, larger doses of ascorbic acid are needed.
From our data in Tables II, III , and IV it may be seen that only the animals receiving more than 20 mg. of ascorbic acid daily have a normal amount. Doses of 40 to 60 mg. usually afford a complete protection against symptoms of deficiency. However, in the experiment with beet leaf (Table I) , only one of the 6 animals receiving theoretically equivalent doses had a normal amount in the organs. In the experiment with cabbage leaves, reported in Table  III , a few animals have the normal titer of ascorbic acid in the organs and at the same time marked hemorrhages, so that titer and hemorrhages are not always connected.
Diets theoretically equivalent do not give identical results. This may be explained by possible rates of availability from the different sources. The difference between the experiments with ascorbic acid and with alfalfa (similar observations in de Caro7) could be explained by the rapid absorption of the ascorbic acid dissolved in orange juice and given twice daily, while the active material contained in alfalfa was slowly eaten all day long; the ratio of the excreted to the absorbed ascorbic acid is greater when the absorption is rapid as is the case in subcutaneous and intravenous injection; (2) Different doses of ascorbic acid in the diet are needed for prevention of the various changes used as criteria of vitamin C deficiency; the criteria generally used cannot detect slight degrees of deficiency.
(3) Very large doses of ascorbic acid, namely, more than 20 mg. daily, are necessary to maintain a guinea-pig of 300 grams in a normal state, as defined by absence of knee hemorrhages and normal amount of ascorbic acid in the organs.
